SUMMARY Globin chain synthesis was studied in reticulocytes and bone marrow erythroid precursors in four sickle P-thalassaemic Greek patients. Significant globin chain imbalance was found in reticulocytes (M/y+pA+S = 2.20 ± SD 0.16) and bone marrow (a/y+3A+ pS = 1 -58 ± SD 0. 11) after two hours' incubation. There was evidence of contamination of the y pA, and, to a lesser extent, of the Ps chain by non-haem proteins. The contamination was more obvious in chromatograms obtained from whole cell bone marrow samples and could partially explain the lower a/non-oc ratio found in bone marrow.
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There is firm experimental evidence that imbalanced globin chain synthesis occurs both in peripheral blood and red cell precursors in homozygous ,-thalassaemia (Heywood et al., 1965; Weatherall et al., 1965; Bank and Marks, 1966; Bank et al., 1969) . In contrast, many investigators (Braverman and Bank, 1969a, b; Schwartz, 1970 Schwartz, , 1971 Friedman et al., 1972; Kan et al., 1972; Shchory and Ramot, 1972; White et al., 1972; Gill and Schwartz, 1973a, b; Nienhuis et al. 1973 ) have claimed that a-and PA-chain synthesis is balanced in bone marrow and imbalanced in reticulocytes in heterozygous 3-thalassaemia. Similar results have been obtained from biosynthetic studies in sickle P-thalassaemia (Bank et al., 1973; Gill and Schwartz, 1973a; Nienhuis et al., 1973; Wood and Stamatoyannopoulos, 1975) . Recently, imbalanced globin chain synthesis has been shown in bone marrow in heterozygous P-thalassaemia, though to a lesser extent than in reticulocytes (Clegg and Weatherall, 1972; Bank et al., 1973; Chalevelakis, 1974; Chalevelakis et al., 1975; Wood and Stamatoyannopoulos, 1975) . It was shown that this difference resulted from contamination of the PA-chain by Received for publication 28 November 1978 non-haem proteins, and from a more rapid destruction of excess a-chains in bone marrow than in reticulocytes (Wood and Stamatoyannopoulos, 1975; Chalevelakis et al., 1975 Chalevelakis et al., , 1976 .
In view of the controversy regarding globin synthesis in heterozygous P-thalassaemia, we decided to carry out similar biosynthetic studies in sickle ,-thalassaemia using the same experimental conditions. Furthermore, since in sickle f-thalassaemic globin samples the PA and Ps-chains can be separated by chromatography, we tried to investigate whether the pA-chain contamination by non-haem proteins is extended to Ps-chains. We also tried to identify whether this contamination affects the ao/non-oc ratio in reticulocytes and bone marrow.
Materials and methods

PATIENTS
Four Greek patients with sickle P-thalassaemia and five patients who had normal haemoglobin synthesis were studied. The patients with sickle 3-thalassaemia fulfilled the clinical and haematological criteria for the diagnosis of this disease (Dacie and Lewis, 1968) ( Table 1) . (Clegg et al., 1966) .
SEPARATION OF GLOBIN CHAINS ON CM-CELL ULOSE
The globin chains were separated by column chromatography using carboxylmethyl cellulose in 8 M urea and 0-05 M 2-mercaptoethanol with a Na2HPO4 linear gradient at pH 6 65, as described by Chalevelakis et al. (1976) . Determination of the radioactivity incorporated into the globin chains was carried out according to Weatherall et al. (1969) and Chalevelakis et al. (1976) .
GEL FILTRATION ON SEPHADEX G100
Gel filtration on Sephadex G100 was performed in columns of 80 x 2 5 cm. Globin samples of 40 to 60 mg were chromatographed, together with blue dextran as molecular weight marker, using 20 % formic acid at a flow rate of 0 35 ml/min. After the chromatography had been completed, the blue dextran (unretarded) and the globin fractions were separately pooled, dialysed against 5 % formic acid, freeze-dried, and mixed with unlabelled globin as carrier. The globin chains were then separated on CM-cellulose. 
Results
In normal reticulocytes, the mean CX/5A ratio was 1-14 ± SD 0 10 and 1L02 ± SD 0-02 for total counts (TC) and specific activity (SA), respectively, while in bone marrow the corresponding mean ratios were 0-98 ± SD 0 10 and 0-96 ± SD 0 12 ( Table 2) . The results of the globin chain synthesis experiments in sickle 3-thalassaemic patients are summarised in Table 3 . The mean c/y + A + Ps ratio in reticulocyte whole cell globin was 2 20 ± SD 0 16, while in bone marrow it was 1 58 ± SD 0 11.
INCUBATION WITH 3H-ISOLEUCINE
It has been shown (Chalevelakis et al., 1976; Vettorre et al., 1977 ) that non-haem proteins derived from white cells may, under some circumstances, cochromatograph with the PA-chain, resulting in an apparent increase of its specific activity. The most direct evidence of contamination of the PA-chain by non-haem proteins is the presence of 3H-isoleucine counts in the PA-chain chromatographic region in globin samples derived from incubations carried out with 3H-isoleucine (which is not present in the A-or oc-chains) (Schroeder, 1963) . We investigated the possibility that this contamination may also extend to the Ps-chain which is eluted after the PA-chain on CM-cellulose chromatography.
An incubation with 3H-isoleucine was carried out using bone marrow from case 3. The labelled whole cell globin was divided into two equal portions. The first sample was immediately chromatographed (Fig. 1) , whereas the second sample was first fractionised on Sephadex GI0 in 20% formic acid (Fig. 2) fractions were then separately pooled, freeze-dried, mixed with unlabelled globin from the same patient, and chromatographed on CM-cellulose (Fig. 3, 4) . The elution profile of the first whole cell globin sample showed a considerable amount of isoleucine incorporation, particularly in the y-chain region, but also spread over the entire elution range (normal rA_, PS-, and c-chains contain no isoleucine) (Fig. 1 ).
Globin purification on Sephadex G100 resulted in a marked reduction of the isoleucine counts in globin chain regions (Fig. 3) . Furthermore, as can be seen in Fig. 4 , most of the 3H-isoleucine counts in the unretarded fraction (I) reappeared in the globin chain regions on chromatography on CM-cellulose. In order to examine whether the non-haem proteins which run with the globin chains, as mentioned above, affect the ac/non-oc biosynthetic ratios in sickle f-thalassaemia, globin chain separations were carried out using whole cell bone marrow globin before and after purification on Sephadex G100. The results obtained are shown in Table 3 . In case 4, the purification of whole cell globin on Sephadex GIOO resulted in a significant increase in the ax/non-oc synthetic ratio (from 1 63 to 2-14) in the marrow, while the increase of this ratio in the peripheral blood was much less (from 2 30 to 2-55). In case 1, on the other hand, gel filtration of bone marrow globin on Sephadex GIOO did not alter the oc/non-ox synthetic ratio. Fig. 3 Chlromatography of the globin (fraction II) isolated from the separ-ation shown in Fig. 2 on CM-cellulose. Fig. 4 Chromatographzy of the blue dextran (fraction 1) isolated from the separation shown in Fig. 2 0o1 CM-celliulose.
Discussion
Although most biosynthetic studies on sickle r-thalassaemia have reported imbalanced oc/non-oc globin chain synthesis in reticulocytes and balanced synthesis in bone marrow (Gill and Schwartz, 1973a; Nienhuis et al., 1973; Bank et al., 1973; Wood and Stamatoyannopoulos, 1975) , there have been occasional reports of imbalanced synthesis in marrow. In the paper of Bank et al. (1973) , 1 of 7 sickle P-thalassaemic patients studied had imbalanced bone marrow chain synthesis (ac/non-oc = 1 7), while Nienhuis et al. (1973) found balanced globin chain synthesis after incubating intact bone marrow cells, and imbalanced chain synthesis using mRNA isolated from bone marrow precursors and translated in a cell-free system. In addition, Wood and S. Ladas, G. Chalevelakis, C. Lyberatos, E. Vaidakis, and G. Arapakis Stamatoyannopoulos (1975) showed that imbalanced globin chain synthesis in red cell precursors exists at all stages of development in marrow derived from two thalassaemia heterozygotes and one sickle Pthalassaemic patient. Rieder (1976) found imbalanced globin chain synthesis in bone marrow in a patient with Hb D (Punjab) P-thalassaemia.
The experiments described here strongly suggest that there is indeed imbalanced a/cy + PA + PS chain synthesis in sickle P-thalassaemic bone marrow, though to a lesser extent than in peripheral blood. These results are in agreement with those reported by Clegg and Weatherall (1972) and Chalevelakis (1974) for heterozygous r-thalassaemia. It seems probable that some of the factors which may lead to erroneous a/non-ac ratios in bone marrow experiments, and which were first identified in studies on heterozygous r-thalassaemia, may also greatly affect the a/non-ac ratio in sickle r-thalassaemia.
These factors include deterioration of samples during storage for prolonged periods at 40C, inadequate resolution of globin chains in CMcellulose chromatography, the contamination of the y-, A_, and Ps-chains by non-haem protein radioactivity, and may explain, at least partly, the apparent balanced synthesis in bone marrow obtained in some previous investigations of sickle r-thalassaemia (Bank et al., 1973; Gill and Schwartz, 1973a; Nienhuis et al., 1973; Wood and Stamatoyannopoulos, 1975) .
The experiments concerning purification of globin on Sephadex G100 and 3H-isoleucine labelling are particularly relevant to the y-, PA_, and PS-chain contamination by non-haem proteins.
It is evident from Table 3 that though most of the contaminating radioactivity in sample 4 was associated with the y-chain in the bone marrow globin, there was a significant amount associated with the fA_, Ps, and to a lesser extent the oc-chain, since the corresponding specific activities were reduced after Sephadex G100 filtration. It is clear that this bone marrow globin is much more contaminated by non-haem proteins than the corresponding peripheral blood globin, resulting in a marked diminution of the ac/non-a ratio.
In contrast to case 4, where the oc/non-a chain ratio in bone marrow globin changed significantly after globin purification on Sephadex G100, the a/non-ac ratio in case 1 showed little difference when bone marrow globin was fractionated on Sephadex G100. Significantly, the only indication of contamination in this case came from a reduction solely in y-chain specific activity after Sephadex G100 fractionation, suggesting a much lower overall level of non-haem protein contamination in this sample.
In conclusion, the data presented here indicate that there is indeed a significant degree of imbalance of globin chain synthesis in sickle 3-thalassaemic bone marrow, a finding which is in keeping with the recently reported results concerning globin chain synthesis in the marrow in heterozygous P-thalassaemia. Evidence was also obtained that there is a high degree of contamination of bone marrow globin by non-haem proteins in sickle 3-thalassaemia. This could partially account for the lower a/non-ac chain ratio in bone marrow than in reticulocytes, though it is probable that enhanced proteolysis of excess ac-chains in erythroid precursors in bone marrow also has a significant effect. In addition, there is evidence for preferential binding to the stroma and rapid degradation during the time of active haemoglobin synthesis of newly made 3S-chains (Bank et al., 1974) or completed haemoglobin S molecules (DeSimone et al., 1977) .
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